General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



iW\S^ 

Technical Memorandum 79606 

(NnSA-rM-7q606) EFFECT OF SMFFUCF PCHGUNESS N7C-332P4 

r»» TFF ETCHnwAVE EUSSION FPC1 *;OTLS (NASA) 

30 p HC f03/rF KOI CSCL 20N 

Unclds 

G3/32 34113 

Effect of Surface Roughness on the 
Microwave Emission from Soils 


B. J. Choudhury, T. J. Schmugge, 
R. W. Newton and A. Chang 


AUGUST 1978 


National /aeronautics and 
Space Administration 

Goddard Space Flight Center 

Greenbelt. Maryland 20771 


V 


' ’J 

- ■- -2 

r . ■ Cl * ^ 




P I 


I M 7»»oOo 


I I I I ITOI Sl'RI A( I ROUl.liNI SSON THK 
MU ROW A VJ I MISSK7N I ROM SC7ILS 


B J. ('lu>uiUHiry 
I'. J. SdimuKt:^* 
R. W. Now Ion 
A. nuing 


Augusl l‘>78 


OODDARI) Sr U'l M KUll I’l W I R 
OrrcnlH’lt, Maryland 


t'oisrri NTS 


» 


ABSIRAll 

IN^IROlH'lllON 

nilORV 

Kadijlivc I'ransl'or 

Koiigluu'ss I I'lVcts 

Rl SHI I S ANI> DISTHSSION 

rA|vriiiu*nlal l>i*latls . . . 
I'lclil Mi'asuu'itiouls . . . . 
Aiu'ratl MoasuioiiU'iiU . . 

a>Nl‘l HSIONS 

Al KNOWl I IX’.MIM 


KI I I RI NCI S 


I 

l AHl I S 


I'aMc 

• ‘ i'omparisoM ot d’s from I aboraton MimsuichumUs 

J I'aU'tilatOil I’n’s lot a Soil rompcraliiro of ,U)OK . , 
I’omparison of o\ Iniiu rioUl Mimsuu'iikmUs 


lii 


I TT 




I J 


ILLUSTRATIONS 


Figure Page 


1 Laboratory measurements of dielectric constant for a soil as a function 
of its moisture content. These measurements are for two clay loam 

soils with similar textures 7 

2 Cuiculated values o'.' the emissivity for a soil usin? several values of 

rougliness parameter h. The calculations use the dielectric constants 
presented in Figure 1 for the 2 1 cm wavelength 9 


3 Comparison of calculated and measured values of T^ at X « 21 cm 
for fields with 3 levels of surface roughness. Measurements made 
from truck mounted at Texas A&M University (Newton, 1978). In 
3a the calculations were done for the profiles observed in all three 

fields II 

4 Aircraft observations of Th at X * 21 cm during 1972 and 1973 flights 
over Phoenix compared with soil moisture in 3 depths of the soil. The 


two dashed curves in 4a indicate the difference produced by using the 

72 and 73 temperature profiles 15 

5 Aircraft obik'rvations ofTp at X = 21 cm during 1975 dawn (6-7 AM) 
nights over Phoenix compared with soil moisture in two depths of 

the soil 18 

6 Aircraft observations of Tg at X = 21 cm during 1975 mid-day ( 1 — 

2 PM) nights over Phoenix compared with soil moisture in two depths 

of the soil 19 

7 Aircraft observations of Tg at X = 1.55 cm during 1973 (light over 

Phoenix compared with the soil moisture in the surface cm of the soil 20 




I ri KTOI Sl'Rl A( I ROlif.MNI SS ON TMi: 
MR ROW AM I MISSION I ROM Sl>ll S 


H. J. ('Iioiiilhurv 
Coinputor Scioiurs l'or|Huation 
Silver Sprintt. Ml) 20^10 

I . J. Schmugrto aiul A. C'luiig 
OoiKlard Space I'liKlil ('enter 
('•reenbelt. Ml) 20771 

R. W. Newton 
Texas AAM I'niversity 
Collejte Station, I \ 77S4.) 

AHSIRA('l 

llie elTect of surface ronuhness on llie briglitness temjvrati'iv of a 
moist terrain has been stiulied tliroiigli tlie nuHlification of T'resnel ivllec- 
tion CiX'fficient aiui iisint; the radiative transfer eipiation. Ihe inodifica* 
tion involves introduction of a siiii'.le paraiiietei to characteri/e the 
roU):hiiess. It is shown that this paianieter depends on both the surface 
height variance and the hori/ontal scale of the roughness. 

Model calculations are in good ipiantitative agieenient with the 
observed dependence of the brightness teniperature on the moisture 
content in the surface laver. I>ata from truck mounted and airborne 
radiometers are piesented foi comparison. The results indicate that the 
rougliness effects are greatest for wet soils where the difference between 
snuH'tli and rough surfaces can be as great as .^OK. 
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EFFECT OF SURFACE ROUGHNESS ON THE 
MK'ROWAVE EMISSION FROM SOILS 


INTRODUCTION 

There have been several recent papers presenting theoretical models for the micro- 
wave emission from soils (e.g. Njoku and Kong, 1977; Wilheit, 1978; Burke et al„ 1978; 
and England, 1977). These niodels considered the emission from the soil for a range of 
moisture and temperature profiles and studied the effect of variations of these subsurface 
properties on the emission from the surface. The effects of surface features, such as, 
roughness were not included. However, when the results of one such set of the calcula- 
tions were co npared with observations by airborne radiometers (Schmugge et al., 1976a) 
there were rather large differences (“^.^OK) between the calculated and observed bright- 
ness temperature (Tb). These differences were attributed to surface iougliness. Tlie 
purpose of this paper is to show that surface roughness effects can account for these 
differences. 

The scattering o*" electromagnetic waves from rough surfaces has been studied by 
many investigators (sec Barrick, 1970; Wu and Fung, 1972; Sung and Eberhardt, 1978). 
These studies show that for a detailed quantitative calculation of the scattering by a roupji 
surface, the knowledge of the statistical surface parameters are imi>ortant. The roughness 
structure of an agricultural terrain depends upon the cultivation practice of that area. A 
typical surface may consist of furrows, clods and irregular, small amplitude undulations 
of different spatial dimensions. To study the effects of surface roughness on the observed 
dependence of the brightness temperature on the soil moisture a simplistic model has 
been developed. The surface roughness effect has been incorporated into the calculation 
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by modifying tlic Fresnel reflectivity. This moJincatioii is based upon the theory devel- 
oped by Ament (I9S3) for a conducting surface. The emphasis in this paper is to show 
qualitatively the effect of surface roughness on the microwave brightness temperature. 

The present model is simplistic because it has only one parameter to characterize the 
surface, namely, the standard deviation of surface height. We realire that this description 
may not be an exact representation of actual soil surfaces. At present the knowledge 
of the statistical characteristics of soil surfaces is not sufficient to formulate a model 
which is not only general enough but also numerically tractable to provide a quantitative 
description. It is, therefore, not the intention of this paper to claim that this model will 
provide a rigorous, quantitative description of the different aspects of the microwave 
emission from natural terrains hut it will provide a ^irst step for including the effects of 
roughness in the modeling of the emission from these surfaces. 

In the calculation of brightness temperature, we have used measured soil moisture 
and soil tem{»eralure profiles. Tlu* calculated values of the brightness temperature are in 
good quantitative agreement with the values observed by truck mounted and airborne 
radiometers. This agreement has been demonstrated for two ditferent wavelengths. De- 
tails for the theory and the rc*sults of the calculation are given in the following sections. 

THEORY 
Rad'ative Transfer 

To describe the microwave emission from the soil, we will consider the radiative 
transfer equation (Chandrasekhar, 1960): 

dl 

=-Ke(Z)I+S (1) 

dZ 


ORIGINAL PAGK L 
OF POOR QUALi n’ 


OHKJINAr PAr.K IS 
OF OITaUTY 


where I is the intensity propagating in the direction Z, is the total extinction per unit 
length and S is the source term describing the contribution to the intensity due »o scatter- 
ing and due to the continuum thermal emission of the soil. In principle one should study 
this equation in conjunction with the esjuation describing the heating of the soil. It is this 
latter equation which will provide information about the thermal part of the source term. 

In this paper we will decouple these two equations in the sense that we will consider a 
given temperature distribution. 

To solve the radiative transfer equation we will consider a semi-infinite medium with 
depth dependent temivrature and moisture distributions. Since soil is a highly absorbing 
material (i.e., large imaginary part of dielectric constant), to a good approximation, the 
brightness temperatua* Tg or the temivralure equivalent of the intensity emerging from 
the soil will be uetermmed by its internal temperature distribution T(r). By integrating 
l-lq. (I) with the source term as the temperature distribution of the soil one can write 

Ka(Z') d/’^ dz (2) 

where r(o) is the soil surface retlectivity at normal incidence and KjfZ) is the absorption 
(ter unit length. These can be detennined from the dielectric c'onstaiits in the soil (Born 
and Wolf, 1075). Wilheit (1078) has developed a model in which the integral is evaluated 
by a sum over nwny homogeneous layers: 

Tb = 2:fjTi O) 

where fj is the fraction of the radiation incident on the air-soil interface that would be 
absorK'd in the ith layer and Tj is the temperature of this layer. The values of fj are deter- 
mined by applying the electromagnetic boundary conditions to determine the energy fluxes 


Tg * (1 - «to)) 




T(z) Ka(Z) exp 


(£ 


enterinf' and leaving each layer. The computations indicate that the radiation from the 
soil is characterized by two sampling depths: reflective and thermal. The reflectivity is 
characterized by changes in the real part of the index jf refraction over a sampling depth; 
6f m 0.1 X, where X is the free space wavelength. The thermal sampling depth is deter- 
mined by the losses deeper in the medium, and is given by 

Sx,!, 

* (4) 

2:1, 

where Xj is the depth of the ith layer. For a uniform dielectric this reduced to 

X 

fij • (5) 

4a ImfnI 

For a low-loss dry soil, will be an order of magnitude larger than 5,. while for a wet 
soil, it will be only slightly larger. A similar theoretical treatment has been developed by 

Tsang et al. ( I97.S). Tliis formalism is simpler and has yielded brightness temperature values 
which are within I or ,1 K of their results for the same moisture and temperature proFdes. 

Roughness F.ffects 

It has been shown in Tolstoy and Clay ( 1966) that if the scattering surface is a satis- 
tically roiigl) surface such that there is no correlation between the amplitudes of the waves 
scattered by two points on the surface, then the scattered intensity can be obtained by 
the absclute stjuare of the average scattered amplitude. It has further been shown that if 
F^_^ represents the scattered amplitude by a perfectly smooth and perfectly reflecting 
surface, then the average amplitude that will be specularly scattered at an angle 0 by a 
rough surface is given by 
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( 6 ) 


(t,,) - RoiO)Vin, 



wu) e***^*' dz 


where W(z) is the height distribution of the ss-face and Rq i* the reflection a>efTicient of 
a siiUHith surface. A typical rough surface corresponds to identifying the spectrum with a 
(•aussian distribution of zero mean and vanance o*: 

I 

Wtz)« exp|-/2/2o2| (7) 

0y/2w 

For this spectrum, the average amplitude is given by 

“ Rot<^> (S) 

Since 

A 

The Si.'jttcred intensity obtained by stpiaring l-q. (S) is: 

1,(<M - i;’lR^,(tf)l\-xp (-h cos* 0) (10) 

where the roughiv.-ss parameter h is given by 

s 2ir t 

h - 4o* (— >* . (II) 

A 

I'rom Fq. (10), one can stipulate that the gross effect of the surface roughness on the 
scattered intensity can be incon'orated by nuxlifying the smooth surface reticetivity r^pfO)* 
IR„(t))l* as 

rp(d) ■ r^,p(0) exp(-h cos* 0) (12) 


where the subsenpt p designates the polarization. The surfaee emissivity is obtained from 
(12) by 

Cp(0)= I -rp(0) (1.^) 

To verify this result measurements were made by Waite et al. (1473) of the relleetivity 
for si>ils with different surface roughness conditions. They found that o is not a sufficient 
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indicator of the atughtu*>» for this iiuhIoI (Hancock, Id76). fable I » a summary of their 
results at a look angle of J0°. flie effective o was determined by fitting the observed fre* 
qiiency dependence of the reflectivit> in each band to that expected from l-q. 1 2 for a given 
a. The effective a was always greater than the measua*d o. They also found that the auto- 
correlalioii length of the roughness was also impcriant. This latter (|uantity is essentially an 
indicator of the hori/ontal scale of the roughness. 


Table I 

( omparnon of o's from Laboratory Measurements 


Siirface 

I- fleet ive o tmm) 

.'•••as. a 
tmm) 

,\uto-('oiTelation 
Length (mm) 

1 2 (III/ 

4.5 7.4 (ill/ 

1 

5.0 

5.0 

2.7 

8Q 


h.O 

7.5 


12 


Ib.O 

8.0 


18 


fhe value of r„ptd) can be determined from tlie I'resnel equation for the case of a uni- 
fonn dielectric, or from the layered models mentioned earlier for situation with non-uniform 
dielcctncs. In either case it is necessary to know the variation of dielectric constant for soil 
with its moisture content. This is presented in Tigure I for a clay loam soil at the wave- 
lengths to be considered in this paper, 21 tlundien. I‘>7l)a'ul I 55 (Wang et al.. |d78)cm. 

It can be seen in I’igure I that the addition of water has very little effect on the dielectric 
properties of the soil a* low moisture contents « 10 perev't ». Presumably this is due to the 
strong interaction of the water molecules with the sv)il particles which reduces the polariz- 
ability of the water in a thin layer around each particle. .\s the water content increases the 
water is less tightly bound and causes a greater increase in the dielectric constant for soils. 


(1 



DIELECTRIC CONSTANT 
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F'igurc I . Luborutory measurements of dielectric constant for a soil as a function of its 
moisture content. These measurements are for two clay loam soils with similar textures. 
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The dielectric constant variation can he represented by the straight lines which are linear 
regression fits in these regions for tlk* two wavelengths. 

The effect of surface roughness on the eniissivity of the Miil as a function of Hvil mois- 
ture at the 21 cm wavelength is presented in l-'igure 2 for several values of h. These values 
were calculated assuming uniform moisture and temperature profiles using the Tresnel coef- 
ficient for the smooth surface case. The curves show a behavior similar to that of the dielec- 
tric constant presented in figure I . i.e. slow decrease of emissivity for soil moistures below 
about lO'/c and a mucii sharper decrease above tliis value. In general the effect of surface 
roughness is to increase the emissivity with in :rease being larger for the wet soil case. 

Tlie contrast in f)) between wet and dry soil is presented in Table 2 .issuming a soil 
temperature of .tOOK. At (1*0° the increase in emissivity due to roughness is given by 

Ac « r„p ( I exp t-h» (14) 

When r„p is • *1' for dry soils, Ac will be small, e.g. the range is 0.04 for dry soils which 

from 1 abie 2 corresponds to 1 2K range for Tj due to surface roughness, for wet soil rj,p 
is larger and the surface roughness effect will be much larger. .Ai the 25V< moistuie level, the 
increase in emissivity Ae * 0.28 corresponding to a 8lK I'lj increase. 

fable 2 


Calculated T|j’s for a SsmI femperature of 300K 



— 

*^op 

h * 0 

h » 0.3 

h * 0.6 

h » 1 .0 

Dry 

SM « 0^^ 

0.06 

282 

288 

244 

244 

Wet 

SM » 25'f 

0.44 

168 

201 

228 

244 

A f|i = I 

ITu(dry) Tjj(wet)| 


1 14 

87 

63 

45 



EMISSIVITY 


ORKJINAL FAtJh it 
OF P1H)K OHAIJTY 



'' 5 10 IB 20 2B 

SOIL MOISTURE. WEIGHT PER CENT 

Figure 2. Calculated values of the emissivity for a soil using several values of 
roughness parameter h. The calculations use the dielectric constants 
presented in Figure I for the 21 cm wavelength. 
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Tile n;t elTect then is to decrease to the dynamic range of the T|) change with soil inois- 

! 

tore changes. e.g. a decrease of from I I4K for smooth surfaces to 63K for a rough sur- 
, face with h “ U.6. From this discussion it is seen that it is necessary to have some 

knowledge of the surface roughness to make an unambiguous soil moisture estimate from a 
T|) observation. By comparing these calculations with radiometric observations for realistic 
situations should yield a range of values for the parameter h. 

RFSULI S AND DISC L'SSIO N 
Fxperimental Details 

The experimental results to be discussed in this paper were obtained from a [lortable 
tower (cherry picker) platfomi and from an aircraft platfonii. The tower measurements 
were done at Texas A&M University from a 25 in height using 21 cm and 2.8 cm wavelength 
radiometers (Newton, 1977). Pie radiometer measurements were supported by observation 
of the stiil moisture and temperature at several depths down to 1 5 cm. The surface roughness 
profiles were also observed so that values of o- can be estimated. 

i 

Field Measurements 

The results from the field measurements are presented in Figure 3 for fields with sur- 
faces having 3 different levels of roughness. A rough plowed field; a medium rough field that 
I had been disced; and a field that had been dragged smooth. The calculated values were ob- 

tained using the moisture and temperature profiles that were observed at the time of the 
measurements. The values of h were selected to yield good agreement with the observed 
points for each rouglincss level. The observed Tu’s for the smooth field are in good agree- 
ment with those listed in Table 2 for h = 0. In all three cases the agreement between the 
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Figure 3. Comparison of calculated and measured values of Tg at X = 21 cm for fields with 3 levels of surface roughness. 
Measurements made from truck mounted at Texas .\&.M University (Newton. 1978). In 3a the calculations were 

done for the profiles observed in all three fields. 






observed and calculated values is good at the wet atui dry ends but there are dilYerences of 
10 :o l>k at the middle moisture levels i.c. about 15%. Kecalling l igure I tiie middle 
moisture level is the region v here T|) changes most rapidly with soil moisture, this also lends 
to be the region where there is the gix'atest uncertainty in soil moisture determination. 

An ad litional factor contributing to the scatter at these middle moisture levels is the 
fact that the calculations were in'rlonned with a coherent nicHlel. Tlierel'ore, there is the 
(Hissibility of resonances occurring when a sharp dielectric gradient is present. We believe 
this caused the higher values of T|j 0285K) for th three points in I'lgure 3c at about ICf 
moisture. In the extreme cas^* the dielectric constant changed from a value of b at a depth 
of 1 .6 cm to l‘).5 at 3.5 cm. A quarter wavelength in the soil for this case is given by 


^in ^ ^ - 1 

4 4>/r ~4\^ 


2.1 cm 


(15) 


where X„, is the wavelength in the medium. As a result constructive interference occurs 
causing an increase in the transmission through the surface (i.e. emissivity) for this case. To 
verify this hypothesis the calculations were |H‘rfonned as a function of wavelength fn>m 30 
to 1 5 cm. The inaxiinuiii, 295K., occurred at 21 cm wavelength and Td fell off to 285k at 
27 and 15.5 cm wavelengths. The sharp dielectric gradient in this case was cau.sed by the 
transition from values on the low moisture (Hution ( Uy ? ) of the dielectric curve in I’igure 1 
to a |X>int (20'r) on the sleep portion of the curve in a relatively short distance. Therefore 
in applying any coherent nuHlel one has to be aware of the pos.sibilit> of these resonances 
occurring so that false mteri relations from the model can be avoided. 

In Table 3 the values of ,,j for the fields are listed along with those calculated 


from l-kpiation I 1 using the observed values o»'h. 


1 able 3 

( ompanson of o's from l-'ioUl Mcasuromonts 


I'ield 

h 

Tffective 

Measure 

SnuH>t h 

0 

0 

0.‘> cm 

Med. Koiigh 

0.3 

0.‘> cm 

2.6 cm 

Rough 

0.5 

1.2 cm 

4.3 cm 


The parameter h increases with increasing rougliness but Joes not do so as rapidly as ex|H*c- 
ted fmir. the measured o’s. l-'or example, the ratio of the o* for the rough and medium 
rough cases is 2.7 \xhile the ratio of the h’s is 1 .7. 

Hie effective o’s for these caws are less than the muasureil values. This is oppi>site 
from the situations presv'iited in Table I for the laboratory measurements. This diffen'iice 
probably results from the different b.ori/onlal scales of the roughness m the two situations. 

Aircraft M easure ments 

The aircratt results were obtained during Hights with NASA aircratt over the IMioenix, 
Arizona area and the Imperial Valley of California during March I ‘>72 and T'ebruary I ‘>73 
(Schimigge et al.. l‘>7oa) and flights over only the Thoenix area during March l‘>75 
(Schnuigge, l‘>7nb>. The aircraft altitude for these flights were oOO m in l‘>72 and l‘>73 
and 3tX) m in l‘>75. On board the aircratt were microwave radiometers covering the wave- 
lengths range of 0.8 to 2 1 cm. In this paper only the results at the 2 1 cm and I ..‘'.S cm wave- 
Icr.gths will i.e presi'iited. The 21 cm radiometer was nadir viewing with a l.S" 1/ ■ .adian) 
beamwidth, therefore its spatial resolution was approximately 1 4 the aircraft altitude. The 
1.55 cm radiometer is a scanning radiometer which has an angular beam width of 2.8'’ 

(' 1/20 radi iifl. This sensor was only used on the l‘>72 and l‘>73 missions. 
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The uircrjl't How along Hight linos coiitorod on tho agnoultnral I'iokis wliioh woro al 
loast 1 6 hootaros (40 aoros) in aroa. Thosi* I'iokis gonorally had iinil'ortn surt'aoo and inoisluro 
conditions over their total aroa. All tho radiomotor data ohiainod ovor oach fiolu woro usv'd 
to obtain tho avorago hrightnoss tomporaliiro (T|{) lor tho t'iokl. I'ho soil inoisUiro inoasuro- 
monls wore niado al 4 k>calions and tor sovoral dopths in oach fiokl. I'ho vahios prosi'iilod 
horo are tho avoragos for oach fiokl. l-or tho l‘>7.S llighls soil tomporaliiro profilos woro also 
moasurod. Soil loxiuros dotorminalion woro also made for tho samplod fiokis. 

Hocaiisi' of tho range of soil loximo, from sandy loams to clays, that arc present al both 
of those silos It IS necessary to account for the different water bolding capacities of these 
soils This was done by normah/mg the moasurod soil moistures to the field capacity levels 
(i-O for each soil. I'ho amount of water in a soil at I'C is that w Inch remains two or throe 
days after having been .saturated and after free diainage lias practically coast'd. I his level is 
determined to a largo oMent by the <a>il texture i.e. particle si/e composition. I'ho value of 
re for each field was estimated on the basis of the soil textures that were measured for that 
field (Schmugge, |47S). 

I'he surface roughness characteristics wore tho<w* resulting from the .igricultural prac- 
tices of tho two areas. The dominant method of irrigation is the Hooded furrow . The furrow 
separation was about one motor and the furrow height was about '0 cm, Superim|H>sed on 
these corrugations were clods, which were generally less than cm. 

Hots of I'l, versus the soil moisture in various layers for the l‘)72 and l‘>7.^ Ilighis are 
presi'iited in I'igure 4. We note that the range of I'j, is not as great as that expected for a 
snuHvth surface. 
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Figure 4. Aircraft observations of T|j at ^ = 21 cm during 1972 and 1973 flights over Phoenix compared with 
soil moisture in 3 depths of the soil. The two dashed curves in 4a Indicate the difference produced by using 

the 72 and 73 temperature profiles. 






Calculations using the layered model (Wilheit, 1978) were performed using moisture 
and temperature profiles measured by the |>ersonnel at the U.S. Water Conservation Labor- 
tory at Phoenix (Jackson. 1973). The soil moisture and temperature profiles were obsc*rved 
at frequent intervals after u heavy irrigation on March 2, 1971. 1'hese data from the same 
area at the sa' ie time of year were assumed to be reasonable estimates of the situations oc- 
curing during the 1972 aircraft overnights. It should be noted that the moisture and tem- 
perature profiles had been obtained from a smooth field, while the microwave radiometer 
results were obtained from rough-surfaced fields. The moisture profiles were rather uniform 
when wet, but dried rapidly at the surface after 5 or 6 days producing slurp moisture and 
dielectric constant gradients just below the surface. The calculations were performed for 
the early afternoon ( I ;30 p.m.) profiles of each day. fhe corresponding temperature profiles 
are probably quite representative of the actual situation for the 1972 llights. for the 1973 
nights, occurring early in February, the temperatures were somewhat cooler. The surface 
temperatures as obsened by the aircraft IR sensor were found to be about 1 5K lower than 
that observed during March, fhe February temperature profiles were then obtained from 
the observed March temperature profiles by adjusting the gradient to fit the observed surface 
temperature for February data and assuming two profiles to be equal at about SO cm. 

T he dielectric constants used in the calculation were those presented in Figi re 1. These 
values are for soils having texture similar to the Avondale clay loam soil at ti*e Water Conser- 
vation Laboratory. 

The solid curves in Figure 4 are the calculated values assuming a smooth surface 
(h = 0). It is clear that the aircraft T ^’s do not gel as low as those calculated for the smooth 
surface. The form of the calculated curve however does agree with the observationi i.e. little 
vari.ition out to about 50 '^ of FC and then the rapid decrease in Tjj. 

lb 


Ilu- liasholi curve* in l igurcs 4a. h aiul c an* lor h ■ 0.45 ami il is seen llial ll»e range of 
ealculaleii T^'s is in good agreement the ol>s<‘ived range and tliat the roughness factor has its 
greatest effect at the higher le\els of moisture .is pn'dicted b> 1 1 |. (14). 

In obsiTving the sanation of 1 j, with soil moisture in the .) layers, we note the linear 
decnase I j, with the soil moisture in the 0-1 cm layer, but for the 0-2.5 and 0-5 cm layers 
there is a region at low so*l moistures for which there is little variation of I j,. Above this 
level then* is a sharp decrease' in I j,. This Ivhavior is similar to that presented in I'lgure 2 
and that the livation of t!ie break point for the 2.5 cm curve, at approximately 50' r of l•(^ 
is gtHHl agreement with the Uwation presi*nted in I'igure 2. assuming a I'C of 20-25'T for a 
clay 'oam soil. Ilecause of tliis .igreenient. we will assume that the radiometer is responding 
to the nuMsture vanatums in the top 2 or 2.5 cm. 

In l-igures 5 and <' tlie results from the l‘>75 Higlits are presented, f igure 5 presents the 
results from the pre-vl.iwn Higlils and figure (> from (he mid-ilay (lights. I'ssentiallv . the 
same dependence of f|j on soil moisture is observed for these (lights as for the (lights. 

I he calculated values in this casi* used the moisture and temperature proliles that were mea- 
sured in each field at (he time of the (lights, fhe rough surface curves are a visual best fit to 
the calculated points. Nv>te that the f|j difference between the AM and I’M tlighlsdue to 
soil temperature changes is explained by (he calculadons. 

The best agreement is obtained in each case for h = O.b which is slightly larger than the 
result lot the 72 data, fhe reason for this dilCerence is unknow n. and becausi' of the 
scatter in the data m.iy. indicate the uncerl.iin(> of our estimates for the value of h. fhe scat 
ter in the calculated points about the curves is due to two causes; first, the variations in the 
soil moisture profiles having the same average 0 2 cm or 0 5 cm average moisture levels, 
and secondly, the variations in soil temperature. 
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F igure 5. Aircraft observations of at X = 2 1 cm during 1975 dawn (6-7 AM) (lights over PiKxnix compared 

with soil moisture in two depths of the soil. 
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F igure 6. Aircraft observations of Tb at X = 2i cm during 1975 mid-day (1-2 PM) Rights over Plux-nix compared 

with soil moisture in two depths of the soil. 





NtSS TEMPERATURE. KEL\ 


■ 

/“V O 

1973 FLIGHT 
X • l.&b cm 

0 OBSERVED VALUES 
CALCULATED VALUES 


o>.;^ 

O-^*) SMOOTH SURFACE 



r>-HJ ROUGH SURFACE 



SOIL MOISTURE, % OF FIELD CAPACITY 


I'iguro 7. \ircr.iU obson jiion ol I'u .il = 1..^.^ cm ilurmi* llij-ht out PIuhmiix 
compareJ witli the sv>il moisture m lltc surtaiV cm ol tlio s».>il 
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The values of h obtained for the aircraft data Kcncraily fall in between tlioMr obtained 
for the medium rough and rough cases for the field measurement results (Figure 3). This in- 
dicates that for the Pluvniv region none of the observed fields approached the imooth cate- 
gory and an assumption that agricultural fields are in the medium rough to rough (i.e. h » 

O.S) may be reasonable for futua* calculations at this wavelength. 

The data at 1 ,55 cm are presented in Figure 7. They are also described by an h of 0.6. 
the fact that h diH.*s not scale with wavelength is indicative of the shortcomings of the mixlel. 
In this CJK*. it appears that different portions of the roughness spectrum will contribute at 
the different wavelengths. It is also clear that certain of our assumption concerning 
the roughness are violated. 

g)NCLUS K)NS 

A one parameter model for estimating the effect of surface roughness on the microwave 
emission from soils has been developed and compared with radiometer measurements from 
txrth tower and aircraft platforms. By a suitable choice of the parameter, h. (he model, when 
combined with a radiative transfer model for the soil, yields good agreement with 
the observed brightness temperatures. An effective range for the parameter was found to be 
from 0 for a smooth surface to 0.6 for a rough plowed surfa«.<, . From the derivation of the 
model the parameter h is expected to be proportional to the variance of the surface height. 
However when compared w ith the measured variance for the tower measurements this de- 
pendence was not verified. \ similar result was found in laboratory measurements of surface 
retlectivity (Hancock, 1*576). These latter measurements indicate that the horizontal scale 
of surface roughness, i.e. surface slopes, is alst> important in determining the magnitude of 
the parameter h. Because of this factor it does not appear possible to extraixrlate the value 
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ol' h lr\*m llu* mcjHirciiK-iiU prcwnicU hero jl the 21 ent M4\eliMt|tlh to other m j\elen|tlhii 
jnJ jilililKtiul mejMirenients Jl other M4veieniethi> will K* ri\|uireil to iletermine the Je|viv 
lienee of h on W4velength. 

\t the 2 1 em w4\eleni!th the \ 4 lue ol 0.5 lor h 4p|H*4r» to be reprewnl4tne of the eon* 
ililione obw'r\ed in the 4iier4lt il4l4 4ek|inreil o\er the 4)!ruiillui4l 4re4 4r\nnul I'hoeinx 
1'heretore with thin nuHlel for roui:hiu>s. raOulne lr4nxfer nuHlel ealeublioiw ^hoiiM \ieUI 
4eeur4le e»lim4le> of the «jlue» of 1 lot 4 wide t4ii(:e of inoi>lure 4iul leinivralure 
iMiulilion>. 

I’lirther work w ill be riHiinred to deleiniine the W4velen>:lh de|vtulenee of h and to de* 
lerniine if the model ean aeeuratelv piediet the polaii/alion differi’nees expeeled for ofl- 
nadir obwr\alions. 

u kM n\i I ix;mi m 

The data were aei|iiired b\ the membereol Joint Soil Moi>liire I \|vrimenl whieh 
imobed ime>tit:alor> Iroin I e\j<i WM l'imerMt> and I’lmersilx ol \ikaii\.i> in addition 
to N ASA, riieir eooperation in iiukuitl lliew ineu!>iiieinenl> i% appieeialed. 
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